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Introduc)on	  
When	   speech	   intelligibility	   is	   degraded	   due	   to	   masking	   by	  
background	   noise	   or	   distor6on	   by	   transmission	   channels,	   a	  
considerable	   part	   of	   this	   degrada6on	   is	   related	   to	   the	  
consonants	   becoming	   unintelligible	   or	   ambiguous.	   Due	   to	  
their	   short	   dura6on	   and	   low	   energy,	   consonants	   are	   more	  
easily	   masked	   than	   vowels;	   at	   the	   same	   6me,	   they	   carry	   a	  
large	   amount	   of	   speech	   informa6on	   and	   should	   hence	   be	  
maintained	  (e.g.	  when	  passed	  through	  transmission	  channels)	  
or	  restored	  (e.g.	  in	  signal	  enhancement	  algorithms	  or	  hearing	  
aid	  signal	  processing).	  
Many	   studies	   have	   inves6gated	   consonant	   percep6on	   by	  
means	   of	   consonant-­‐vowel	   combina6ons	   (CVs)	   like	   /6/,	   /bi/,	  
etc.	   Typically,	   the	  CVs	   are	  presented	   in	   random	  white	  noise	  
(WN)	   or	   speech-­‐shaped	   noise	  maskers	   at	   diﬀerent	   signal-­‐to-­‐
noise	  ra6os	  (SNRs).	  Listeners	  have	  to	  vote	  for	  the	  consonants	  
they	   hear.	   The	   data	   are	   then	   analyzed	   in	   terms	   of	   (i)	  
detectability	   and	   (ii)	   confusability.	   The	   speciﬁc	   confusions	  
that	   listeners	   typically	   make	   are	   of	   special	   interest	   because	  
they	   reveal	   the	   acous6c	   features	   used	   for	   consonant	  
iden6ﬁca6on.	  It	  has	  been	  demonstrated	  that	  diﬀerent	  speech	  
tokens	   of	   the	   same	   CV	   iden)ty	   lead	   to	   diﬀerent	   confusions	  
[Trevino	  &	  Allen,	   2013].	   Further,	   it	   has	  been	   shown	   that	   the	  
long-­‐term	   spectrum	  of	   the	  masking	  noise	   also	  has	   an	   eﬀect	  
[Phatak	  &	  Allen,	  2007;	  Phatak	  et	  al.,	  2008].	  
	  
Research	  Ques)ons	  
In	  an	  aZempt	  to	  reveal	  addi6onal	  factors	  that	  might	  inﬂuence	  
consonant	  percep6on,	  this	  study	  inves6gates	  whether	  there	  is	  
an	   eﬀect	   of	   the	   individual	   noise	   genera6ons.	   This	   relates	   to	  
the	  following	  two	  ques6ons:	  
1)	  “Does	  the	  percept	  of	  a	  given	  CV	  speech	  token	  diﬀer	  when	  
presented	  in	  diﬀerent	  masking	  noise	  realiza=ons?“	  
2)	  “Do	  listeners	  respond	  more	  “systema=cally“	  for	  frozen	  




•  15	  Danish	  CVs	  /bi/,	  /di/,	  /ﬁ/,	  /gi/,	  /hi/,	  /ji/,	  /ki/,	  /li/,	  
	  /mi/,	  /ni/,	  /pi/,	  /si/,	  /Sji/,	  /6/,	  /vi/	  
•  Only	  one	  recording	  of	  each	  CV	  spoken	  by	  the	  same	  male	  
talker	  
SNR	  condi)ons	  
•  Speech	  tokens	  were	  presented	  in	  quiet	  and	  in	  white	  noise	  
at	  SNRs	  of	  12	  dB,	  6	  dB,	  0	  dB,	  -­‐6	  dB,	  -­‐12	  dB,	  and	  -­‐15	  dB	  
Test	  subjects	  
•  8	  young	  normal-­‐hearing	  na6ve	  Danish	  speakers	  
Masking	  noise	  condi)ons	  
1.  CV	  &	  frozen	  WN	  “A“	  
Ø  For	  each	  CV,	  a	  diﬀerent	  frozen	  WN	  “A“	  was	  generated	  
2.  CV	  &	  frozen	  WN	  “B“	  
Ø  For	  each	  CV,	  frozen	  WN	  “B“	  was	  created	  by	  temporally	  
shi1ing	  frozen	  WN	  “A“	  by	  100	  ms	  
3.  CV	  &	  random	  WN	  
Ø  For	  each	  CV	  and	  each	  presenta6on,	  random	  WN	  was	  
newly	  generated	  
II.	  Analysis	  of	  within-­‐listener	  consistency	  
•  In	  each	  SNR	  condi6on,	  each	  CV	  was	  presented	  5	  )mes	  per	  
masking	  noise	  condi6on	  
•  A	  listener	  is	  considered	  to	  be	  certain	  about	  his/her	  
response	  to	  a	  given	  s6mulus	  if	  he/she	  makes	  the	  same	  
choice	  at	  least	  3	  out	  of	  5	  6mes	  	  
•  The	  analysis	  does	  not	  take	  into	  account	  whether	  the	  
response	  is	  correct	  or	  not	  
•  The	  certainty	  is	  calculated	  as	  the	  percentage	  of	  certain	  
responses:	  
•  The	  results	  in	  Figures	  6-­‐8	  suggest	  that	  listeners	  on	  average	  
respond	  more	  systema)cally	  when	  presented	  with	  frozen	  
white	  noise	  as	  compared	  to	  random	  white	  noise	  
Conclusions	  
•  Consonant	  percep6on	  in	  noise	  seems	  to	  depend	  strongly	  
on	  the	  individual	  masking	  noise	  realiza6on:	  
Ø  Even	  with	  the	  same	  noise	  ﬁle	  shieed	  by	  100	  ms,	  huge	  
diﬀerences	  can	  be	  observed	  
•  Listeners	  appear	  to	  respond	  more	  systema6cally	  when	  
presented	  with	  frozen	  noise	  as	  compared	  to	  random	  noise	  
•  The	  eﬀect	  of	  the	  masking	  noise	  on	  a	  token-­‐by-­‐token	  basis	  
was	  not	  taken	  into	  account	  in	  prior	  studies	  
•  The	  ﬁndings	  presented	  here	  are	  relevant	  for	  microscopic	  
speech	  percep6on	  modeling	  approaches	  since	  
Ø  the	  data	  and	  s6muli	  of	  this	  study	  allow	  for	  an	  in-­‐depth	  
acous6c	  analysis	  that	  takes	  the	  individual	  noise	  
tokens	  into	  account	  
•  No	  eﬀect	  of	  noise	  learning	  is	  assumed	  given	  the	  
presenta6on	  of	  150	  diﬀerent	  noise	  realiza6ons	  in	  each	  
experimental	  block	  (consis6ng	  of	  270	  s6muli	  all	  in	  all)	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Figure	  1:	  test	  interface.	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Figure	  4:	  across-­‐listener	  average	  confusion	  pa?erns	  for	  /li/	  in	  frozen	  WN	  
“A“	  and	  frozen	  WN	  “B“.	  
Figure	  5:	  across-­‐listener	  average	  confusion	  pa?erns	  for	  /ni/	  in	  frozen	  WN	  
“A“	  and	  frozen	  WN	  “B“.	  
Figure	   7:	   DeviaBon	   from	   Pcertain	   of	   the	   random	   WN	  
condiBon	  (green	  curve	  in	  Figure	  6).	  PosiBve	  values	  indicate	  
more	  certainty,	  negaBve	  values	  less	  certainty.	  
Figure	  6:	   average	   listener	   certainty	  Pcertain	   	   in	  percent	  as	  a	  
funcBon	  of	  SNR	  for	  the	  3	  masking	  noise	  condiBons.	  	  
Results	  
I.	  Confusion	  pa[ern	  comparison	  across	  frozen	  noise	  	  	  	  
condi)ons	  
•  In	  Figures	  2-­‐5,	  the	  average	  results	  across	  listeners	  are	  
ploZed	  as	  confusion	  pa?erns	  (CPs)	  [Allen,	  2005]	  
•  CPs	  depict	  the	  percentage	  of	  responses	  to	  a	  given	  CV	  in	  a	  
speciﬁc	  masking	  noise	  as	  a	  func)on	  of	  the	  SNR	  
•  The	  example	  CPs	  in	  Figures	  2-­‐5	  show	  only	  the	  respec6ve	  4	  
predominant	  responses	  for	  the	  sake	  of	  clarity	  
•  The	  example	  CPs	  	  show	  huge	  perceptual	  diﬀerences	  
•  Note	  that	  the	  only	  physical	  diﬀerence	  is	  a	  100	  ms	  shi^	  in	  
the	  noise!	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Figure	  2:	  across-­‐listener	  average	  confusion	  pa?erns	  for	  /bi/	  in	  frozen	  WN	  
“A“	  and	  frozen	  WN	  “B“.	  
Figure	  3:	  across-­‐listener	  average	  confusion	  pa?erns	  for	  /ﬁ/	  in	  frozen	  WN	  
“A“	  and	  frozen	  WN	  “B“.	  
Test	  design	  
Each	  SNR	  condi6on	  was	  tested	  in	  one	  block,	  consis6ng	  of	  
Ø  a	  training	  run:	  
each	  CV	  presented	  three	  Bmes	  in	  random	  white	  noise	  
(15	  x	  3	  =	  45	  s6muli),	  
Ø  the	  actual	  experiment:	  
each	  CV	  presented	  5	  Bmes	  in	  each	  masking	  noise	  
condiBon	  (15	  x	  3	  x	  5	  =	  225	  s6muli).	  
Ø  Listeners	  could	  repeat	  each	  s)mulus	  up	  to	  2	  )mes	  
Ø  Listeners	  were	  instructed	  to	  vote	  for	  the	  consonant	  they	  
heard	  
Ø  To	  minimize	  listener	  bias,	  listeners	  were	  instructed	  to	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